I SHALL not attempt to review all the work that has been done on the control of aldosterone secretion: rather, I shall undertake the much easier task of summarizing our own studies over the past three years.
the assay of 024. It was shown that cortisone and hydrocortisone, in quantities many times those that could appear in a day's urine, do not materially affect the assay, and so methylene chloride extracts were usually washed but not chromatographed. In the studies with ACTH and cortisone, however, a preliminary extraction with ether was done to remove hydrocortisone.
We have studied the effects of three variables on aldosterone secretion: circulating ACTH, total body potassium, and body fluid volume.
Circulating ACTH was increased by giving large doses of ACTH gel intramuscularly to normal subjects on balance regimens. In all cases aldosterone excretion rose to two to four times control levels. If the ACTH was continued, however, aldosterone excretion fell in a few days to below control levels, and this occurred even when sodium intake was so low as to prevent any retention with ACTH. Circulating ACTH was suppressed with large doses of cortisone and hydrocortisone without appreciable effect on aldosterone excretion. These findings supported observations showing normal aldosterone secretion by patients with hypopituitarism to suggest that ACTH is not necessary, and probably not of great physiological importance, in the control of aldosterone secretion. Total body potassium was increased by giving large potassium "loads", and decreased by giving low potassium diets, with and without cation exchange resins, to normal subjects on balance regimens. Serum potassium rose and fell with gains and losses of total body potassium in all instances. The potassium "loading" consistently increased aldosterone excretion to about two times control levels, and the potassium depletion consistently decreased it to less than half control levels. The effect of "loading" was present even when extra sodium was given to replace that excreted in response to potassium salts; the effect of depletion was present even on a diet so low in sodium that none could be retained in response to potassium loss.
Despite the consistency of the potassium effects, the relatively small magnitude of the changes in aldosterone secretion despite very large changes in potassium intake suggests that they are not of primary importance in the physiological control of aldosterone secretion. Changes in body fluid volume were induced experimentally by (a) changing total body water volume with dehydration and over-hydration; (b) changing extracellular fluid volume with sodium deprivation and sodium "loading"; and (c) changing intravascular volume with phlebotomies, and infusion of red cells or of albumin. All subjects were studied under metabolic regimen.
(a) Total body fluid volume was decreased by depriving normal subjects of w*ter and subjects with diabetes insipidus of pitressin while limiting water intake; aldosterone secretion consistently rose despite moderate to marked hypernatremia. Total body fluid volume was increased by giving water to normal subjects receiving pitressin tannate in oil to prevent diuresis: aldosterone secretion consistently fell despite marked hyponatrnmia.
(b) Extracellular fluid volume was decreased by depriving normal subjects of sodium, with and without use of mercurial diuretics: aldosterone secretion consistently rose.
Volume for volume, the increases in aldosterone secretion were much larger than those induced by deprivation of water alone. 6 Extracellular fluid volume was increased by giving dietary salt or "physiologic" saline infusions to sodium-depleted normal subjects: aldosterone secretion consistently fell. Extracellular fluid volume was increased with simultaneous contraction of intracellular fluid volume by infusing hypertonic saline into sodium-and water-depleted normal subjects: aldosterone secretion again consistently fell.
The increase of aldosterone secretion with sodium depletion could be produced during potassium depletion (with falling serum potassium), and the decrease with water or saline "loading" could be produced despite simultaneous potassium "loading" (with rising serum potassium). Thus the "volume" effects were not secondary to effects on potassium metabolism.
(c) Intravascular volume was decreased by performing phlebotomies on normal subjects, with simultaneous administration of saline to prevent any net sodium loss: aldosterone secretion consistently rose. If several days were then allowed to elapse, aldosterone secretion spontaneously fell as hmmodilution ensued.
Intravascular volume was increased by reinfusion of separated red cells into the donors just described: aldosterone secretion consistently fell. Intravascular volume was increased by infusion of salt-poor human albumin into normal, hypoproteinzmic, and cirrhotic subjects: aldosterone secretion consistently fell. In the hypoproteinemic patients, the fall occurred despite large diuresis of sodium and thus contraction of total extracellular fluid volume.
We have found elevated aldosterone secretion in cardiac, cirrhotic, hypoprotein2mic and nephrotic patients, despite high intakes of sodium and grossly expanded extracellular fluid volume. In all groups except the first, it is likely that intravascular volume is diminished as fluid escapes to the peritoneal cavity or interstitial spaces. In some cardiac patients, increased intravascular volumes have been reported. It may be that "effective" blood volume is compromised in such subjects despite increased total volume. On the other hand, increased aldosterone secretion and increased blood volume have not thus far been reported in the same subject.
The magnitude of the changes in aldosterone secretion with small changes in intravascular volume suggests that "volume" stimuli are of major physiological importance in the control of aldosterone secretion.
